Abstract
sand being dominant in the western part and silt in the eastern part. This is at the origin of a which clay was dominant. The four values were averaged for each sampling area. At each of 23 the four plots a soil sample was taken at 15-20 cm depth, then the four samples were pooled 24 then air-dried for laboratory analyses on the fraction less than 2 mm: particle size distribution
25
(clay, silt, sand), pH water , pH KCl , cation exchange capacity, main exchangeable bases 1 At each sampling area we noted the time elapsed from the last thinning operation 2 (except for clear-cuts), the age of the stand (only for even-aged high forest), we measured 3 the height and diameter at breast height of three dominant trees distant from less than 14 m 4 from the central post, and we estimated the wood standing crop, using production tables by 5 Dagnélie et al. (1999) . At each plot we measured the basal area (BA), the percent basal area 6 occupied by beech, the percent basal area occupied by hornbeam. These four values were 7 averaged for each sampling area.
9
The statistical treatment of the data involved regression analysis, using the Humus Index as a predicted (dependent) variable and several stand and soil properties as 11 explanatory (independent) variables (Sokal and Rohlf, 1995) . The analyses were performed 12 with the StatBox® software. Residuals were tested for normality previous to analysis.
14

Results
16
The Humus Index exhibited a significant (P<0.05) to highly significant (P<0.001)
17
correlation with 17 out of 21 stand and soil properties in oak stands of the Montargis forest (Table 1) . Other stand and soil parameters did not reach such a high level of indication, as 19 measured by the number of significant coefficients. For instance pH water was significantly 20 correlated with only 4 out of 8 stand measurements (against 7 our of 8 for Humus Index) and 21 with only 8 out of 12 soil measurements (against 10 out of 13 for Humus Index). The best 22 predicted variable was the age of even-aged high forest (r=0. 73, P=5.10 -9 ). Among soil parameters, Humus Index predicted the best base saturation (r=-0.61, P=6.10 -11 ).
25
The Humus Index increased in value with the age of stands, indicating a shift from
26
Mull to Moder in the course of time (Fig. 2) , but it was not seemingly influenced by thinning 27 operations (r=0.10, P=0.18, Table 1 ). It should be noted that pH water , on the contrary, was negatively correlated with the time elapsed from the last thinning operation (r=-0.27, 1 P=0.006). In short, after each thinning operation, soil acidity decreased then increased again 2 but without any concomitant change in the humus form.
4
These global trends were depicted by the whole set of sampling areas, without any 5 account to possible effects of management pratices. If we separate even-aged high forest 6 stands from stands converted from old coppices-with-standards, a more variegated 7 landscape appears (Fig. 3 ).
9
The positive correlation between Humus Index and dominant height was better depicted by even-aged high forest (Fig. 3b) than by the whole set of oak stands (Fig. 3a) .
11
Coppices-with-standards did not exhibit any such trend, all of them falling within the range of 
16
Humus Index and dominant height was not affected by management practices.
18
A quite different picture was exhibited by dominant diameter. Similar to dominant 19 height, the correlation between Humus Index and dominant diameter was positive, better 20 depicted by even-aged high forest than by the whole set of stands, and null for coppices-
21
with-standards (Figs. 3c and 3d ). However, Humus Indices measured in coppices-with-22 standards differed by more than one unit from values calculated using equation 1 derived for 23 even-aged high forest (t=7. 48, P=2.10 -9 ). Thus, provided they had the same dominant 24 diameter, coppices-with-standards seemed to exhibit more active humus forms than even-25 aged high forest. However, when comparing Figures 2b and 2d it appears that coppices-with-26 standards, the dominants of which have the same height than tallest trees of even-aged high 27 forest (90 years-old, see Fig. 2 ), exhibit larger diameters at breast height, which flaws any comparison based on diameter. Coppices-with-standards, the mean diameter of dominant 1 trees is 45 cm, should compare with even-aged high forest stands with a mean diameter of 2 35 cm for dominants.
4
Wood standing crop was estimated using both diameter and height of trees. If we 5 consider wood volume and Humus Index, most coppices-with-standards fell within the range 6 of tallest even-aged high forest stands (also oldest, r=0.98, P=2.10 -32 ), but some coppices-7 with-standards exhibited higher volumes of wood and lower Humus Indices than expected on 8 the base of even-aged high forest (Figs. 3e and 3f ). However, a comparison between 9 observed and calculated values of the Humus Index for coppices-with-standards did not 10 reveal any significant shift (t=1.17, P=0.12). Here too, there was no effect of management 11 practices.
13
Basal area did not vary to a great extent among oak stands, although this parameter 14 displayed a positive correlation with the Humus Index (Fig. 3g) . Most coppices-with-
15
standards fell within the range of variation of even-aged high forest stands (Fig. 3h) but they 16 exhibited a higher Humus Index than expected from their basal area (t=-4.96, P=5.10 -6 ).
17
Beech and hornbeam (in percent of the total basal area) were positively correlated with the
18
Humus Index, but at a lower level of significance than age, height, diameter and basal area 19 (Table 1) .
21
There was a positive relationship between the Humus Index and the depth at which 22 clay becomes dominant (Fig. 4a) : the shallower was the clay horizon, the lower was the
23
Humus Index (Mull). Both even-aged high forest and coppices-with-standards exhibited the 24 same relationship (Fig. 4b) , with a similar slope of the regression line (t=1.52, P=0.13). This 25 figure may also help to verify that even-aged high forest and coppices-with-standards grew 26 on the same range of soil conditions, thus comparisons between management pratices were 27 not biased by a possible influence of the soil type. When the combined effect of stand age and soil type (expressed by depth of clay horizon) on the Humus Index of full-gown stands 1 was analysed by multiple regression, the mixed model explained 70.1% of the total variation, 2 shared between 52.9% for age and 17.2% for soil type.
4
For the same depth of clay horizon, coppices-with-standards exhibited a higher
5
Humus Index than the even-aged high forest (t=7. 13, P=5.10 -9 ), the difference being ca. 1 6 unit. However, since the group of even-aged high forest stands included young stands with 7 more active humus forms (lower Humus Index), a possible bias due to aging was questioned. 
15
given the existence of regional and temporal changes in ecological requirements of plant 16 species (Parrish and Bazzaz, 1985; Hill et al., 1999; Diekmann and Lawesson, 1999) . We 17 suggest that the identification of the humus form (Green et al., 1993; Brêthes et al., 1995) ,
18
which can be used directly on the field for building a Humus Index, should be preferred to a 19 list of plant species.
21
The positive correlation between the Humus Index and the age of oak stands ( Fig. 2) 
22
can be attributed to changes in humus forms and associated parameters (soil acidification, 
27
in secondary metabolites (Nicolai, 1988; Ponge et al., 1997; Ponge et al., 1998) . Studies on old-growth forests reveal that soil acidification under the influence of tree growth is temporary 1 and may reverse if environmental conditions and spatial configurations of habitats are proper 2 for the re-establishment of adapted decomposer communities (Ulrich, 1987; Bernier and 3 Ponge, 1994; Aubert et al., 2004) . This occurs when nutrient requirements of the 4 aboveground compartment of the forest ecosystem decrease after cessation of stem 5 elongation (Nilsson et al., 1982; Miller, 1984a; Chapin et al., 1986 ). Here we did not show 6 such reversal of the Humus Index in ageing stands, because our stands were probably too 7 young and occupied too large surfaces, in an otherwise intensively managed forest. The fact 8 that the relationship between age and Humus Index was linear (Fig. 2) indicates that the 9 humus form changed steadily during stand development, at least during the first 90 years of 10 crop rotation. The linear relationship between the Humus Index and the age of trees 11 contradicts the hypothesis of stability domains within soil communities (Bengtsson, 2002;  12 Graefe, 2003; Ponge, 2003) . According to this hypothesis, changes in soil communities 13 would occur by jumping from a species distribution to another, better adapted distribution, 14 when the original community has been disrupted by an environmental stressor, such as for 15 instance changes in environmental conditions and resource availability which occur during 16 stand development. This should result in a discrete response of the Humus Index to tree growth, which was not depicted by our series of even-aged high forest stands.
19
The negative influence of beech upon soil biological activity was reflected in the 20 increase in Humus Index when the percent basal area occupied by beech increased (Table   21 1). Muys (1989) observed an increase in humus quality (expressed by an increase in earthworm biomass) and a decrease in soil compaction when beech was replaced by oak in 
3
The relationship between Humus Index and parameters of stand development 4 (height, diameter at breast height, wood standing crop) can be mostly explained by stand 5 age, as these parameters increase steadily during stand development (Miller, 1984b; Chapin 6 et al., 1986; Ulrich, 1994) . Stands resulting from the conversion of old coppices-with-7 standards compare well with 90-years-old even-aged high forest stands, the dominants of 8 which are of the same height (25 m, see Fig. 3b ), except that they reached a larger diameter 9 at breast height ( Fig. 3d) , due to higher annual increments (Guilley et al., 2004) and probably 10 older age. Both stand types exhibit a Humus Index averaging 4 (Dysmull). Howvever,
11
coppices-with-standards show a high degree of variation in their stand characteristics, which
12
are not correlated with the Humus Index (Figs. 3b, 3d, 3f, 3h) . A more clear picture appears 13 when soil types are taken into account. They explain most of the variation which remained 14 unexplained by stand characteristics: both coppices-with-standards and even-aged high 15 forest show a positive relationship between Humus Index and depth of clay horizon (Fig. 4b) .
16
When even-aged high forest trees are corrected for stand age, this relationship remains 17 positive and significant, thus is not age-dependent, and differences between both forest 18 types can be clearly perceived. For a given soil type, coppices-with-standards have a lower
19
Humus Index (minus 0.5 unit) than oldest even-aged high forest stands. This means that 20 coppices-with-standards exhibit less litter accumulation even though they have a higher 21 standing crop and the same basal area than even-aged high forest stands (Figs. 3f and 3h ). cations when even-aged high forest stands were compared to coppices-with-standards in the
5
Marchenoir forest, which is located not far from our study site. They attributed this shift to 6 increased nutrient uptake and immobilization in the woody biomass of even-aged high forest, 7 which impoverished the soil. Awaiting further studies, this interpretation could be questioned,
8
because we observed that stands converted from coppices-with-standards neither exhibited 9 a smaller basal area nor a smaller standing crop than even-aged high forest (Fig. 3 ). An 10 alternative hypothesis could be that even-aged high forest trees were still too young to depict 11 the improvement in soil biological activity (and thus the decrease in Humus Index) which is 12 typically observed under older trees in natural forests (Page, 1974; Ponge et al., 1998) .
13
Other comparisons with literature data, especially when climate conditions and tree 14 composition are different, should be made with caution. For instance, Hölscher et al. (2001) 15 concluded that soils from oak coppices exhibited less acidity and higher mineral pools than 16 those from even-aged high forests, but the former group was made of oak while the latter 17 was made of beech, which flawed the comparison.
19
The non-linear relationship between Humus Index and base availability (Fig. 4c-f) 
20
possibly indicates a trend towards a saturation of the ecosystem in exchangeable bases, in 21 particular in the below-ground compartment which is chiefly responsible for the building of humus forms (Chapin et al., 1986) . Some studies have shown that an increase in nutrient 23 availability maybe ineffective in changing humus quality, if adapted decomposer communities 24 and efficient foodwebs are not present or cannot build-up rapidly (Törne, 1978; Graefe, 1990;  The observed stability of the Humus Index against thinning operations (Table 1) 
12
We are aware that, although exhibiting a number of significant trends when correlated 13 with stand and soil variables, the Humus Index does not explain the whole variation of these 14 conditions. Roughly, the Humus Index explains at best half the total variation of stand and 
9
Further studies should also take into account between-forest variation and the time required 
